Before presenting descriptions of new media for the determination of bacteria in milk, we wish to call attention to the fact that the media described give not only quantitative but, to a certain extent, qualitative results. If the new media achieved merely the same results as those now well known, we should not feel warranted in taking up the reader's time.
ment on page 5 of the 1916 Standard Methods that "The standard methods, for example, are not such as give a proper count of lactic acid bacteria." In this connection we must say that we see no reason for not taking into account the lactic-acid bacteria. They are of as much significance in tracing the history of a sample of milk as any other type of bacteria, and especially so when their proportion to some other type, such as peptonizers, can be determined. Furthermore, it is believed, since extract agar does not readily support the growth of certain types of lactic-acid bacteria, that this is the most important reason for variations in counts observed when the new standard medium is used. There are certain types of lactic-acid bacteria which will grow slowly on extract agar, and, their colonies may be either just visible or not show at all after forty-eight hours' incubation at 37°C.
In our opinion, a medium should be'used (1) which will be relatively cheap, (2) which will give the highest count with colonies large enough to be readily counted, and (3) which wir give different pictures with different milks; that is, it should be qualitative so far as possible. If bacteria are in milk there is no logical reason for counting only a portion of them. A bacterial count is made to determine the number of bacteria in milk, and if one medium shows higher counts than another, it is evident that the highest count comes closest to the actual number of bacteria in the milk. With either the infusion or extract agar medium nothing but a simple count can be obtained. If a medium can be devised which gives an indication of different groups of bacteria or even only of a single group, in other words, a medium which will give any information relative to the bacteria in milk besides a simple count, it should prove to have distinct advantage over the media now in common use.
GENERAL SCOPE OF THE WORK
In 1911, one of us (Ayers (1911) ) described a casein medium which was adapted to the bacterial examination of milk. On this casein medium peptonizers could be readily detected and counted and the total count obtained as well. It was found that the total counts on the casein medium were decidedly lower than on infusion agar unless the plates were incubated for six days. This fact, of course, made the medium almost valueless for routine control work. Attempts to make a medium by using skimmed milk, with its casein dissolved, and adding peptone and extract were not successful.
Having in mind this casein medium, with its advantages and defects, it seemed probable that skimmed-milk powder could be used in place of purified casein, and that with some additional nutritive substances a cheap and valuable medium could be prepared which, in forty-eight hours, would give counts at least as good as the present standard extract agar and also give a count of the peptonizers present.
In this work about 50 different media were made, containing milk powder alone and in combination with meat extract, yeast extract, peptone, peptone and meat extract, and meat infusion. Ordinary agar was tried, also agar with some of the calcium and magnesium salts removed by precipitation with sodium dibasic phosphate, and agar in which they were partly removed by washing.
The media suggested in this paper are not the result of a "lucky shot." They were developed during a study of various combinations which were in every case compared with the standard extract agar. This work resulted in the examination of about 400 samples of milk of different kinds, that is, raw, pasteurized, and certified; which, figuring the different combinations, is equivalent to the plating of about 1750 samples of milk on a single medium. This is mentioned only to impress upon the reader that the directions given for making the media are based on considerable experimental data which it is impracticable to include in this paper. We do not feel that the media are beyond improvement, but hope the directions will be followed until they have been given a fair trial.
We will describe a skimmed-milk powder medium containing meat extract and peptone, a modification of this medium, and a milk powder medium containing no meat extract or peptone. Milk-powder solution The detailed directions must be followed accurately if satisfactory and constant results are to be obtained. The medium is very easy to prepare when the various steps are understood and the process completed once. It may appear complicated because of the complete details which are given of each step in the process and which make the preparation of the medium appear somewhat long. 1 Sorensen's phosphate is sodium dibasic phosphate with 12 molecules of water of crystallization (Na2HP04 + 12H20) which has been air dried so that instead of containing 12 molecules of water it has 2 molecules. Anhydrous sodium dibasic phosphate takes up water easily as it stands in the laboratory and that containing 12H20 loses water easily, so that neither of these can be depended upon to be definite in regard to water content. To overcome this difficulty, Sorensen air-dried Na2HP04 + 12H20 for about two weeks and found that the .water of crystallization was reduced to 2H20 and that it remained practically constant. Sorensen's phosphate can be purchased or for practical purposes prepared in the laboratory by taking the ordinary dibasic phosphate with 12H20 and spreading it out on filter paper and allowing it to remain at room temperature in a dry place for fourteen days. This phosphate (Na2HP04 + 2H20) is used in the preparation of the medium so that a definite amount can be weighed out at any time and the milk-powder solution will always have practically the same hydrogen-ion concentration. If this phosphate is purchased, care should be taken to be sure it contains two molecules of water and is not anhydrous. Allow the agar to stand another twenty-four hours, then pour off the -agar on to a cotton-flannel cloth in a funnel and wash once with a liter of distilled water. Let the agar drain and then press out as much water as possible by squeezing the filter cloth with the hands. A container large enough to hold the agar is counterpoised on the laboratory scales, and the agar placed in it. In the opposite pan is placed 30 grams for the agar and 1000 grams for the weight of the water in which the agar is to be dissolved. Then water enough is added to make up this weight. This will make a liter of 3 per cent agar. Dissolve the agar by heating in the Arnold sterilizer, then filter through cotton flannel or absorbent cotton until clear.
REASONS FOR USING WASHED AGAR
There are two reasons for using washed agar; first, because it makes possible the preparation of the previously described medium without the formation of a precipitate upon sterilization; and second, because washed agar gives higher counts than ordinary agar, at least with some samples of milk.
When ordinary or so-called purified agars are used in a medium with milk powder, a heavy precipitate forms upon sterilization, probably due to the precipitation of calcium and magnesium phosphate with some casein. This will not occur if enough sodium bicarbonate is added to the medium to bring the hydro-gen-ion concentration to pH 7.6. The medium with this pH, however, does not give satisfactory results as to counts.
By the addition of Na2HPO4 + 2H20 to the agar during preparation, the calcium and magnesium salts are partly precipitated and can be removed by filtration. This agar when used in the medium causes no precipitation upon sterilization but cuts down the count. From our experiments it is believed this reduction may be due to the increase in the phosphate content of the medium.
Washing the agar as described gives an agar which works perfectly because the calcium and magnesium content is reduced to a considerable extent and a readjustment of the medium to a suitable pH is not necessary.
We will consider the question of the special value of washed agar in raising counts, in another paper. NO 
ADJUSTMENT OF REACTXON NECESSARY
It will be noted that no adjustment of reaction has been mentioned. If the medium is made according to directions, it will have a hydrogen-ion concentration of about pH 6.8 when "Difco" or Parke-Davis peptone is used and about pH 6.7 with Fairchild peptone. To be safe, it is desirable to check the reaction of the milk-powder peptone-extract solution for its hydrogen-ion concentration with indicators2 for each new lot of skimmed-milk powder, peptone, and meat extract used. This can easily be determined in a sufficiently accurate manner by adding 5 drops of phenol red indicator to a tube containing 5 cc. of the double-strength milk-powder peptone-extract solution diluted to 10 cc, with distilled water and 5 drops of brom-cresol purple to another tube of the solution. The reaction is correct when the tube with phenol red is yellow and the one with bromcresol purple is purple. If the tube with phenol red is red, add TVHCI calculating the amount necessary to change it to yellow with phenol red, and purple with brom-cresol purple. From this computation it is easy to figure the amount of N HCl required to bring the total volume of solution to the proper pH. If the color is greenish or yellow with brom-cresol purple add N NaOH and calculate the amount of N NaOH necessary to bring the total volume of solution to a point where it is purple with bromcresol purple and yellow with phenol red. This is a very rough way of obtaining a reaction of about pH 6.8 but is accurate enough for this medium. This process need only be carried out, as previously stated, with each new lot of ingredients used. The addition of washed agar does not appreciably affect the reaction.
To prepare the stock solution of phenol red indicator take 0.2 gram of the powdered phenol red and add 11.4 cc. of 20 NaOH. Warm and agitate until dissolved, then make up to 100 cc. with distilled water. Take one volume of this stock solution and 9 volumes of distilled water to make the test solution. Use 5 drops of this test solution to 10 cc. of medium at 450C. in a test tube.
The stock solution of brom-cresol purple is made by adding 14.8 cc. f NaOH to 0.4 gram of powdered brom-cresol purple. This is warmed and when dissolved is made up to 100 cc. with distilled water. To make the test indicator solution mix one volume of stock solution with 9 volumes of distilled water. Use 5 drops to a tube with 10 cc. of medium at 450C. to indicate the hydrogen-ion concentration.
COUNTS OBTAINED WITH THE MEDIUM
Comparisons were made of the counts on standard extract agar, standard infusion agar (1910 standard methods) and milkpowder medium. The plates were incubated at 370C. for fortyeight hours and a hand lens was used in counting. Various kinds of milk were examined, such as raw, pasteurized, and certified milk. The results of this work are shown in table 1. It will be seen that with three exceptions the counts on milk-powder agar were higher than on the standard extract agar. With the exception of the certified milk the counts were very much higher, the approximate percentage increase over the extract-agar count ranging from 3 to 75,000 per cent. The colonies were very much larger and could be readily counted. Particular care was taken with the count of the colonies on the standard extract agar and we believe our counts are higher than would have been the case if the plates had been counted in the average laboratory, because when there was a question of doubt about a colony it was always included. This was done to avoid favoring the media in which we were interested. The greatest differences in count were usually found in pasteurized milk.
As to the counts on milk-powder agar and infusion agar (1910 standard) it will be noted that of the 36 samples of milk plated, in 22 cases the counts were higher on the milk-powder agar. In some cases they were practically the same or within the limits of error, but in other cases they were distinctly higher.
It seems unnecessary to discuss the results further, for a study of the figures in the table will show clearly the remarkable increase in count obtained on milk-powder agar over that from the standard extract agar.
If the bacteria were not in the milk they would not have been on the milk-powder agar plates; and if one is determining the number of bacteria in a sample of milk one must, if possible, use a medium on which they will grow.
The fact that the medium shows high counts is not its only merit. It is possible with this medium to obtain a direct count of the number of peptonizing bacteria, of strong acid-forming, and of weak acid-forming bacteria in a sample of milk. The medium has been purposely arranged so as to be slightly cloudy after sterilization. After forty-eight hours' incubation, colonies of strong acid-forming bacteria have a white cloud about the colony, while the peptonizers have a clear zone, after the plate has been flowed with acid. Even though the plates are white, due to the precipitation of the dissolved casein through acid formation, it is easy to count the colonies. The colonies of weak acid-forming bacteria can be determined by adding enough brom-cresol purple indicator to cover the plate. This should remain on the plate for five minutes or until it has penetrated through the agar. All the acid-forming colonies show a yellow color against a purple background. Of course when the plate is crowded the whole plate may be yellow (acid) . If desired, brom-cresol purple can be added to the medium at the time of preparation. To get the proper color, add 8.0 cc. of stock solution to each liter of medium; the preparation of the stock solution is described on page 573.
The peptonizers should not be counted until the plate has been flowed with a 5 per cent solution of acetic acid, because ,the medium is often rendered sufficiently acid to cause a precipitation of the casein except about colonies which produce a strong alkaline reaction. The zone about such colonies under this condition may be clear and resemble peptonization. Flowing with acid will cloud these zones unless there is true peptonization. After flowing the plate with acid allow the acid to stand on the milk-powder medium for ten minutes, then make the count of peptonizers. The acid precipitates the dissolved casein of the milk powder except about colonies where it has been digested. Evidence of this casein peptonization is shown by a clear zone, and colonies should only be counted as peptonizers when there is a definite, clear zone. The activity of the bacteria in the colony can be further estimated by the diameter of the zone. In case no peptonizers show on the plate which is being counted, they should be counted on plates with a lower dilution. They can be easily counted even though the plate is crowded.
When the plate has been flowed with brom-cresol purple, then with acetic acid, the plate is yellow instead of white. This does not interfere in any way with the counting of the peptonizers.
The milk-powder medium, therefore, gives a picture which varies greatly with different samples of milk. Sometimes there are numerous colonies of strong acid-forming bacteria, sometimes none, sometimes many peptonizers and again only a few. While the relation between these various colonies and the total count has not been fully worked out, we believe that there are certain correlations which will be found to have a definite relation to the history of the milk.
To take the fullest advantage of the medium the counting procedure should be as follows:
1. Make a total count. 2. Count strong acid-forming colonies. Those with a cloudy zone about them or a slight hazy edge.
3. Count weak acid-forming colonies. This is done by flowing the plate with brom-cresol purple and counting the total acid colonies and subtracting the number of strong acid-forming colonies.
4. Count peptonizers. Flow plate with a 5 per cent solution of acetic acid before counting.
5. Calculate the number of alkali formers and inert colonies. To do this add the total number of acid colonies to the number of peptonizers and subtract from the total count.
MILK-POWDER MEDIUM "B"
Feeling that there might be some objection to the use of a medium which was slightly cloudy, it was decided to work out a medium which would be clear. This milk-powder medium differs from the first merely in the amounts of peptone and meat extract used. To make this medium, simply substitute in the formula for medium "A" the following: 2 grams of peptone and 1 gram meat extract instead of 5 grams peptone and 3 grams extract. The medium in other respects is made exactly the same. No adjustment of reaction is necessary, as it will be about pH 7.0 to p11 7.1, brown or slightly red brown with phenol red.
The counts obtained on this medium and other media are shown in table 2. It will be seen that they are just as high on the whole as on milk-powder medium "A" and in many cases higher. The colonies of strong acid-forming bacteria can be seen on this medium with a small white zone about them. They are not so distinct, however, as on the milk-powder medium "A." In order to distinguish colonies of peptonizing bacteria it is necessary to flow the plate with 5 per cent acetic acid. This precipitates the casein and causes the clear medium to have a white, opaque appearance. After flowing with acid, clear zones may be seen about the colouies of the peptonizers. This milk-powder agar "B" does not give quite such characteristic pictures with different samples of milk as does the first mentioned milk-powder agar "A." However, it is a clear medium and is cheaper than medium "A."
MILK-POWDER YEAST AGAR
It is sometimes said that it is impossible. to expect uniformity in bacteria counts as long as peptone and meat extract are so variable. Of course every on,e will agree that different makes of peptone will not be exactly the same and the peptone of one manufacturer may vary from time to time. Even meat extract is not constant in composition. In view of these facts it may be well to eliminate peptone and meat extract from standard media and so discount any possible effect of variations in their composition. With this thought in mind a medium was devised consisting of skimmed-milk powder, yeast extract and washed agar. Yeast extracts (Ayers and Rupp, 1920) have been used extensively in these laboratories and found to be very satisfactory for many purposes. washed-agar solution.
DIRECTIONS FOR PREPARATION OF MEDIUM
The milk-powder solution should be prepared as previously described.
The yeast extract is made from dry fresh (not autolyzed) yeast which contains no added fillers. To facilitate filtering, the yeast should be dried at a temperature of from 1050 to 1100C. for five hours. The extract is made by steaming 10, grams of yeast in 100 cc. distilled water for 45 minutes in the Arnold, then filtering until the filtrate is clear and brilliant. When most of the extract has been filtered, 100 cc. of distilled water should be poured on the filter to wash out the remainder. Make up to 250 cc. with distilled water. The filter papers previously mentioned for filtering the milk-powder solution give good results with yeast extracts. In order to obtain a clear, brilliant filtrate, it is usually necessary to pour the filtrate back into the filter a few times until it clogs slightly.
The milk-powder solution and yeast extract are then mixed and 500 cc. of double strength (3 per cent) washed agar is added.
The washed-agar solution is prepared as described. No adjustment of reaction is necessary, as the final hydrogen-ion concentration of the medium will be about pH 6.7.
BACTERIAL COUNTS ON MILK-POWDER YEAST MEDIUM
The counts obtained on the milk-powder yeast agar, as well as on standard extract and standard infusion agar, are shown in table 3. The figures show that the counts on the milk-powder yeast were much higher than on standard extract agar and that they agree closely with the counts on standard infusion agar.
Yeast extract was used extensively in other combinations with good results, and while we have only a few results on the medium just described it is believed it can be used to advantage with skimmed-milk powder as a substitute for peptone and meat extract. Further work is necessary before this point can be definitely settled.
The milk-powder yeast agar does not appear to give quite such high counts with all samples as the powder, peptone, meatextract agars A and B, but it has the advantage of being more nearly uniform in composition. This is obvious for the reason that the yeast extract can be made in the laboratory in a definite way from a dry preparation consisting of a definite species of pure yeast.
The milk-powder yeast agar is a clear medium on which colonies of the strong acid-forming bacteria can be seen, although not so distinctly as on the other media described in this paper. Peptonizers can be readily observed by flowing the plate with 5 per cent acetic acid.
THE USE OF SKIMMED-MILK POWDER
Dissolved skimmed-milk powder is used as a foundation for the media described in this paper and not as merely something to be added to some other medium. The use of skimmed-milk powder must be considered in this light in order that its value may be fully appreciated. Sherman (1916) and others. We do not feel, however, that the lactose is the only reason for the high counts obtained on media containing dissolved milk powder.
The increased count over extract agar and the large size of the colonies obtained on the media described in this paper are due, we believe, to a combination of the following factors: the nitrogenous portions of the milk powder, the lactose, the buffer content, and the use of washed agar.
When 5 grams of skimmed-milk powder per liter of medium is used, figuring on an average analysis of 50 samples of milk powder, there is added about 0.25 per cent lactose and 0.17 per The range in the percentage of lactose in the medium would be only 0.03 per cent and in protein also 0.03 per cent. These differences are so slight that they would exert no influence on the medium. It is realized that there may be other differences in skimmed-milk powder, small differences which may not be apparent from the ordinary chemical analysis, and which may be ascribed to the condition of the milk before it was dried, or perhaps to methods of drying.
We have obtained the best results when using a skimmed-milk powder made by the spray process, and suggest that if milk powder is used in a standard medium a spray-process powder be specified, and one prepared by some one company, perhaps even from some special milk.
THE ESTIMATED COST OF DIFFERENT AGAR MEDIA
We are not prepared to say just how important the cost of a medium is, but it will always be a factor and therefore must be considered.
The cost of different agar media has been calculated on a basis of the cost of ingredients shown in the list. In making calculations we have not figured the cost of washing agar. This should not add much to the cost.-From these figures it may be seen that the milk-powder media cost about the same as standard extract agar, with the exception of medium B, which costs only about 6 cents a liter. It seems evident that no objections can be raised to milk-powder media on the ground of cost. SUMMARY 1. Formulae for three agar media are given, two of these media containing skimmed-milk powder with different amounts of peptone and meat extract. The third contains skimmed-milk powder and yeast extract, no peptone or meat extract being used. This may be a distinct advantage if the variation in composition of peptone and meat extract plays an important part in connection with the bacteria count.
2. Any of the skimmed-milk powder media described give counts very much higher than standard extract agar and the colonies are very much larger. The larger size of the colonies makes the counting process much more accurate. Counts obtained on the powder media with peptone and extract are on the average higher than those obtained on the old standard infusion. On milk-powder yeast agar they may be, in general, slightly lower.
3. With these milk-powder media it is possible to obtain not only a total count, but a count of colonies of strong and weak acid-producing, alkali-forming, inert and peptonizing bacteria.
The plates therefore, give quantitative and qualitative results, at least so far as these groups of bacteria are concerned.
4. The importance of using washed agar in media for bacterial counts will be discussed further in another paper.
5. It is hoped that these media will be given a thorough trial, for it is felt that any one of the three possesses decided advantages over the present standard extract agar.
No claim is made that the skimmed-milk powder media can not be improved; we hope they can. As they stand at present, however, any one of the three has advantages enough over the extract agar to replace it as a standard medium for the determination of bacteria in milk, because: first, they show higher counts than the standard extract agar and therefore counts N more closely related to the actual number of bacteria in the milk; secondly, they give different "pictures" when different samples of milk are plated; and, thirdly, this is accomplished without any significant increase in expense. In fact, one of these media is much cheaper than extract agar. A-ll the milk-powder media are very much cheaper than the old standard infusion agar.
6. The full value of these milk-powder agar media can be determined only by the results obtained from the analysis of a large number of samples of milk. While our experiments are extensive, we realize that they only indicate the probable value of the media.
